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Introduction

About iIGEM

The International Genetically Engineered Machine
(IGEM) competition is one of the largest annual
world-class  prestigious research competitions.
Each year, participating teams engage in a research
project, which they would then present at the Giant
Jamboree in Boston, USA during the fall. The teams’
performances would be judged by professionals for
a number of awards, such as Best Project Awards and
Best Presentation Awards.

Apart from the research aspect, iGEM teams also have
to promote synthetic biology in their own region.
They would use all kinds of pathways, including public
exhibitions, laboratory demonstrations, interviews
and others to raise public awareness of synthetic
biology. They hope to arouse interest towards the
field as well as allow the public to understand the
potential issues behind the new technologies.

And this, is exactly what we are doing now.
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What is DNA
DNAZEE

DNA is the fundamental unit of all lives. It stores all information
of a specific organism. DNA is naturally found in the nucleus
of cells.

DNA comprises of four bases: adenine (A), thymine (T),
cytosine (C) and guanine (G). A pairs with T and C pairs with
G through hydrogen bonds. All of these combine to form a
double helix structure.

Nowadays, DNA can be synthesized in vitro, which has
aroused many interests towards its vast applications.
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MicroRNAs: important functions in the body
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MicroRNAs (miRNAs), usually of around 22 nucleotides long,
are made inside our body via complex mechanisms. They play
important roles in gene regulation through several ways, such
as binding with mRNA to inhibit translation and speeding up
mRNA degradation to cause gene silencing. Dysregulation of
mIiRNA expression may lead to under- or over-expression of
genes and hence diseases.
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Strand displacement
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Strand displacement reaction is commonly employed in DNA
nanostructure designs. During the reaction, two strands with
partly or fully complementary sequences hybridize to each
other, displacing one or more pre-hybridized strands. This
process is initiated at a single-stranded site called a ‘toehold".
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A clear picture showing the mechanism of strand displacement. Try to find the toehold here.
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G—quadrupIeX' formation and utilization
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G-quadruplex (Gq) is formed by 4 strands of DNA made up
of guanine bases. When Gq forms a complex with hemin, it
exhibits peroxidase activity and functions as a DNAzyme. Its
catalytic activity is utilized in many DNA nanostructures where
a colour changeis produced by target-induced conformational
change.
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Molecular beacon: FRET-based signal production
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Some DNA nanostructures make use of fluorophores and
guenchers, which are often termed as a ‘Molecular Beacon'.
The quencher acts as a suppressor which inhibits fluorescence
of the fluorophore when the two are in close proximity. When
the two are separated by target-induced conformational
change, the suppressing effect is cancelled, resulting in the
restoration of fluorescence. The higher the concentration of
targets in a sample, the higher the absorbance. Therefore,
DNA nanostructures with molecular beacons (having specific
miRNAs as targets) can be used for measuring miRNA
expression level, which may reveal clinical states.
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Synthetic biology
SREYE

Synthetic biology is a discipline that uses engineering
principles to design and assemble biological components. It
can be applied in many fields, including medicine, material
science and agriculture. Synthetic biology is enabled by many
technologies, such as DNA synthesis and editing, computer
modelling and large-scale bacteria culturing.

SRENER PN A TREZRIEAGE ST A E YA ER
2R - b%‘t%vﬁﬂiﬁ*ﬂﬁ’]}?&ﬂﬂ I B ZEREITERM
ﬂDDNAAEJZE—iESZL ENBEZAABAEIRESHR
ENEE

/ Synthetic ‘
Biology

L SREVE 4

/ Agriculture Y

Synthetic biology applications.
BRAEYERER -



Synthetic biology applications: material science
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The use of DNA can be extended beyond genetic encoding.
For example, DNA origami was built using complementary
base-pairing of DNA. The first utilization of this resulted in a
smiley face which received unprecedented recognition and
sparked endless enthusiasm on related fields. New origami
are being built constantly: boxes, flags, stars, dolphins... and
whatever one can dream of.

Apart from an art, DNA origami can also be drug carriers when
they are in the form of boxes, or materials for information
storage if DNA strands are knitted into maps.
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Synthetic biology applications: disease diagnosis
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Commercially available synthetic bacterial transcription-
translation systems can be freeze-dried onto paper or other
porous materials. These specially designed systems make
proteins only if they're triggered by the target DNA or RNA.
They can be activated when rehydrated, allowing the freeze-
dried material to be easily transported. Recent invention of
an Ebola virus RNA detection system using color-changing
enzymes is an excellent example.
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Synthetic biology applications: Production lines
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Bacteria such as E. coli can be turned into factories via
transformation. Recombinant plasmids with the gene
coding for the desired products (e.g. ssDNA, enzymes
required) are cloned into the bacteria. The useful products
(e.g. ssDNA) are extracted, purified, and further processed,
ready for producing a great variety of molecules, from
human hormones to food flavorings.
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